Background: There is no effective treatment for children with subclinical hypothyroidism. The natural course of subclinical hypothyroidism shows a normalization rate of 41% for Thyroid Stimulating Hormone (TSH). Objective: The thyroid needs (among others) iron, iodine, and vitamin A for a proper thyroid hormone synthesis. We hypothesize that with a dietary change, more children can normalize their TSH. Design: In this case-control study, 54 children aged 1 -14 years with subclinical hypothyroidism were divided into a diet group and a control group. The diet consisted of green vegetables, beef, full fat milk, and butter. The diet was followed for at least 3 months. A total of 27 patients comprised the diet group and 27 the control group. TSH, Free T4 (FT4), and Body Mass Index (BMI) were evaluated during the follow up. Results: By following this diet, TSH levels decreased significantly compared to when following the natural course. FT4 levels did not change during the follow up. The diet group realized a change of normalizing their TSH with a RR 2.8 (95% CI 1.45 -5.61). There were no changes in BMI after following the diet. Conclusions: Even though our study population was small, we observed the association of a dietary change and normalization of TSH in children with subclinical hypothyroidism, without adverse effects.
Introduction
Subclinical hypothyroidism (SH) in children and adults doesn't have any therapeutic options available. Should this be an issue of concern or does this not have any clinical impact? Some specialists consider it a benign normal variation and thyroid hormone can be supplemented to lower TSH. The actual cause of an increased TSH however is not known. A supplement of thyroid hormone does correct the actual TSH level, but not the origin. Recent studies show higher mortality rates in young adults (18 -49 years of age) of coronary heart disease caused by subclinical hypothyroidism and high Thyroid Stimulating Hormone (TSH) levels [1, 2] . This emphasizes the view that subclinical hypothyroidism in children isn't just harmless. A few studies have investigated the natural course of subclinical hypothyroidism [3] [4] [5] . After a 2-year follow-up, the natural course of idiopathic subclinical hypothyroidism in children showed a normalized TSH level in 41% of the patients, 12% had a progression to clinical hypothyroidism and in the other patients subclinical hypothyroidism persisted [4, 5] . The only therapeutic intervention currently used is treatment with levothyroxine [6] . This is indicated by a TSH-value of >10 mU/l. This implicates that there is no good treatment for patients who have a TSH value range from 4.2 and 10 mU/l. The patients are faced with waiting for the natural course.
The most common cause of subclinical hypothyroidism in children is autoimmune thyroiditis. This is diagnosed by an increased serum concentration of anti-thyroid peroxidase. Furthermore, there are a lot of other but less common causes of subclinical hypothyroidism e.g. iatrogenic disease, iodine deficiency, or excess and certain drug effects [7] [8] [9] [10] [11] [12] .
Several studies have been carried out examining the influence of specific nutrients on the thyroid, for example iron, iodine, and vitamin A [13] [14] [15] . These studies show that good iron, iodine, and vitamin A status are necessary for proper thyroid function.
Iron deficiency has multiple adverse effects on thyroid metabolism. It decreases amongst others the circulation of thyroid hormone. The most likely cause is through impairment of the heme-dependent thyroid peroxidase enzyme [16, 17] . Vitamin A deficiency has multiple effects on thyroid function in animals; it decreases thyroidal iodine uptake and iodine incorporation into thyroglobulin, and increases thyroid size [18] . The vitamin A status also modulates TSH production by influencing Copyright © 2012 SciRes. FNS the expression of pituitary TSHßmRNA [19, 20] . Iodine is an essential element for adequate thyroid hormone production [21] . Chronic iodine deficiency increases the TSH concentration and produces a thyroid hormone pattern consistent with subclinical hypothyroidism [21, 22] . As the most common cause of subclinical hypothyroidism is an autoimmune thyroid disease, we hypothesize that the main problem for subclinical hypothyroidism in children is an immunological dysfunction or subtle deficiencies of micronutrients, which causes disturbed thyroid hormone production. Therefore, we prepared a diet with a high nutrient density, necessary for a good thyroid function and a proper immune function. In this preliminary study, we investigated whether a diet could normalize the TSH levels of children with subclinical hypothyroidism.
Methods

Study Population
For this case-control study we included pediatric patients aged 1 to 14 years in this hospital from 2008 until 2011. The patients had an elevated TSH (>4.2 mU/l) [23] and Free T4 (FT4) within the normal range (10 -25 pmol/l).
The patients were assigned to the pediatricians working in a general pediatric outpatient clinic of a general hospital (Ziekenhuisgroep Twente, Hengelo, The Netherlands). One pediatrician followed the diet group for at least 3 months. The control group without dietary advices was created by patients from the other pediatricians in the same hospital.
We excluded patients with the following characteristics: clinical hypothyroidism (FT4 <10 pmol/l), patients treated with levothyroxine, and patients with Down's syndrome.
Measurements
We collected the following data: gender, age at presentation, use of medication BMI, FT4, TSH. This data was recorded before and after the study period.
TSH was measured with electro-chemiluminescence sandwich immunoassay on a COBAS 6000 (Roche Diagnostics).
Intervention
The intervention was a diet comprising the eating of beef 3 times a week, eating green vegetables 5 times a week, and a daily portion of full fat milk and butter. All the other dietary habits remained unchanged. Parents were advised to follow it for at least 3 months. These foods were chosen because they are rich in the most important nutrients for thyroid: iron, vitamin A, and, to a lesser extent, iodine [13] [14] [15] 24] . Table 1 shows the nutrients of 
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the diet versus other food types. We chose a diet with multiple ingredients instead of one or two supplements because we wanted to study the influence of nutrition and its clinical impact.
Statistical Analysis
For the statistical analysis we used the following tests: Student's t-test to evaluate the differences in continuous variables and normal distribution (e.g. age, TSH, and FT4 levels) between the diet and control group. AN-COVA analysis of covariance was used for follow up of the BMI in time to correct for missing and baseline values. Pearson Chi-Square test was used for the evaluation of the normalization rate of TSH levels. Statistical analysis was performed with SPSS version 15.0 (SPSS Inc, Chicago, USA).
Ethical Committee
The National CCMO (Central Committee on Research Involving Human Subjects) read the protocol and found that the diet comprised ordinary food ingredients and did not suggest any major change in the lifestyle for the parents and children. They concluded that the study need not be reviewed by them.
Results
Descriptives
A group of 64 patients were evaluated for subclinical hypothyroidism. Of them, 7 were excluded because of Down's syndrome and 3 used levothyroxine. These 3 patients were given levothyroxine because of panhypopituarisme (1 patient) and clinical problems (2 patients). A total of 54 patients were included in the study. The group consisted of 15 boys and 12 girls in the diet group and 12 boys and 15 girls in the control group. The characteristics of these groups are described in Table 2 . There were no ethnic differences. The diet and control group were comparable with respect to TSH start, FT4, age and BMI. The follow-up period took a little more than 3 months in both groups.
Intervention
Student's t-test showed that TSH at the end evaluation between diet and control group did change significantly (p < 0.000). The percentage of patients with normalized TSH (TSH ≤ 4.2 mU/l) was 74.1% in the diet group compared to 25.9% in the control group (p < 0.000). The relative risk to normalized TSH with the diet was 2.8 (95% CI 1.45 -5.61).
The diet group followed the diet for 3 months and after that period they were allowed to choose if they wanted to follow it or not. Most of the patients continued eating the components but less than the advised amounts.
Growth Aspects
We measured the BMI during the 3 months of the diet because we wanted to investigate if the children gained more weight after they ingested more full-fat dairy products. Their weight increased slightly but height also increased. In the diet group, BMI values did not change 
Discussion
We investigated the relation between the dietary intake of nutrients necessary for a proper thyroid function and the effect on subclinical hypothyroidism. When children followed the diet, their TSH levels decreased significantly after only 3.8 months. Wasniewska and De Luca et al. followed the natural course of subclinical hypothyroidism. They concluded that TSH normalized in 41% of the child patients [4, 5] . Our control group showed a normalization rate close to their numbers (25.9%), but the follow-up period was much shorter (several months compared to 2 years). In the diet group 74% of the patients showed normalized TSH. This strongly indicates that there is a difference in following the diet or awaiting the natural course. This implicates that subclinical hypothyroidism may have a nutritional component in the pediatric age group. A dietary change can be a simple and cost-effective method to avoid long term treatment with thyroid medication, which diminishes significant expenses for doctor's visits, lab monitoring and medication costs.
In developed countries, dietary sources of iodine are mainly bread, milk, and use of iodized salt [27, 28] . As bread is eaten by almost all children (data not shown), we did focus on other food groups in our diet. As our diet did not contain large amounts of iodine, this could not explain the shifts in thyroid function. Vitamin A and iron are present in larger amounts in our diet and therefore contribute more to the stimulation of the thyroid. Not only a single component, but also the interaction between all the components was found to improve thyroid function. In children who are both deficient for vitamin A and iodine, the supplementation of vitamin A was observed to improve the efficacy of iodine uptake [13] . In addition, vitamin A supplements was also found to improve thyroid function without a change in iodine nutrition [22] .
Beside the nutrients for a good thyroid function, the diet also contains nutrients necessary for a proper immunological status [29] . Vitamin A is important for the immune function and protection against infections [30] . Most of the negative effects of vitamin A deficiency on host defense appear to be reversible with restoration of vitamin A status [31] . Iron deficiency is associated worldwide with an increased incidence of infections [31] . The molecular and cellular mechanisms responsible for immune changes during iron deficiency are complex and remain unclear. This is because iron is important in several crucial, metabolic pathways in immune cells [29] . In general, iron does regulate the function of T lymphocytes, but immune cells differ from each other in their use of iron-binding proteins and various immune functions experience differential effects of the iron status [32] . It is already known that the most common cause for subclinical hypothyroidism is an autoimmune disease [12] . As this is an immunological disorder, an underlying disturbance of the immune system is suspected. As our diet has several components that modulate the immune system this might explain why our diet contributes to a more stable thyroid function.
The limitations of our study are the small number of patients involved and the study design, this being a non randomized case-control study. Since they were not randomly assigned to the diet or control group, a bias for the dietary group could be introduced. The control group was selected from our hospital by using charts of pediatricians. They did not evaluate the food pattern of the control group and therefore we have no evidence if their intake could be compared to the study group. Secondly, TSH levels tend to increase when weight/BMI and age increases. Our control group had higher BMI levels at the end. This was also the case with their TSH levels. This tendency however was not seen at presentation when the TSH levels of the diet group were relatively high in relation to their BMI. The age factor was also not consequent. BMI in the dietary group did not increase during the study period but did increase in the control group in the same study period.
Future studies also need to pay attention to the weight of the children. The diet consists of saturated fat and high calories caused by the full-fat milk and butter. On the other hand it contains a combination of high and low energy density food with a relatively high nutrient density. We found that the BMI in our study population did not change. It is important to closely monitor this. Parents mentioned that their children ingested less snacks because they experienced a feeling of satiety during the diet. Looking at the risk of coronary heart disease by subclinical hypothyroidism, the effects of the saturated fats in the children's future life are also a subject of discussion. Nowadays, the advice that eating saturated fat can kill a person through coronary heart disease has not been confirmed by all studies [33] [34] [35] . The intake of 0.5 liter milk daily has been proven to have no negative health effects. On the contrary natural milk fat components have important roles in the body [36] and can protect against a high waist circumference, elevated blood pressure, low HDL levels and high fasting insulin levels [37] [38] [39] . These remarks do not count for the increasing consumption of milk products with added sugar. Health benefits of these artificially flavored dairy products should be questioned [36] .
A strong aspect of our study is that it concerns an intervention without any adverse effects. The dietary changes consist of everyday food which are available for all social classes. Parents can implement the dietary change into their daily routine and it can become easier after due time.
The variability can also be mentioned as a critical remark because of inconsistencies in the dietary intake. There are multiple variables about the food intake of the children. Do parents cook fresh or frozen vegetables? Do the children eat 1 or 4 spoons of vegetables or meat? When the children are ill is it logical that the dietary intake decreases and should we correct for that? Spinach contains more micronutrients when compared with lettuce and they are both green vegetables. All these critical remarks are true and can be observed in our study. Our goal was to study the influence of natural and non-artificial, non-fortified food on subclinical hypothyroidism. During the investigation of the influence of the supplementation of different micronutrients alone, these variables should be eliminated. However, we wanted to study the effect in realistic everyday life. People do not eat the same vegetables or ingredients every day and may want some variation. With our diet they can choose between a lot of different vegetables and different ways to prepare the meat. We found that our dietary advice made the parents more aware of the benefits of food and that they chose the food for their children more prudentially.
Conclusion
We have shown that following our diet for 3 months TSH levels decrease significantly. This implicates a possible nutritional component for subclinical hypothyroidism in the pediatric age group. Possible ways of the nutritional benefits are supplementation of (subclinical) micronutrient deficiencies or an immunomodulating effect by different components of the diet. It is important to underline that our diet is not an intensive treatment. The diet consists of ordinary, everyday natural food that is available to everyone and has no side effects. Therefore, as there is still no good alternative therapy, we can advise our diet as a cost-effective treatment for children with subclinical hypothyroidism.
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